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ABSTRACT 

An overview presentation of NASA’s engine noise research since 1992 is given for 
subsonic commercial aircraft applications. Highlights are included from the Advanced 
Subsonic Technology (AST) Noise Reduction Program and the Quiet Aircraft 
Technology (QAT) project with emphasis on engine source noise reduction. Noise 
reduction goals for 10 EPNdB by 2007 and 20 EPNdB by 2022 are reviewed. Fan and jet 
noise technologies are highlighted from the AST program including higher bypass ratio 
propulsion, scart inlets, forward-swept fans, swept/leaned stators, chevron nozzles, noise 
prediction methods, and active noise control for fans. Source diagnostic tests for fans and 
jets that have been completed over the past few years are presented showing how new 
flow measurement methods such as Particle Image Velocimetry (PIV) have played a key 
role in understanding turbulence, the noise generation process, and how to improve noise 
prediction methods. Tests focused on source decomposition have helped identify which 
engine components need further noise reduction. The role of Computational 
AeroAcoustics (CAA) for fan noise prediction is presented. Advanced noise reduction 
methods such as Herschel-Quincke tubes and trailing edge blowing for fan noise that are 
currently being pursued in the QAT program are also presented. Highlights are shown 
from engine validation and flight demonstrations that were done in the late 1990’s with 
Pratt & Whitney on their PW4098 engine and Honeywell on their TFE-731-60 engine. 
Finally, future propulsion configurations currently being studied that show promise 
towards meeting NASA’s long term goal of 20 dB noise reduction are shown including a 
Dual Fan Engine concept on a Blended Wing Body aircraft. 
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Manchester, United Kingdom 
May 1 1 , 2004 



New Technology Enables Aircraft 
To Meet Future Requirements 
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Analysis by Don Garber, NASA Langley, using NoiseMap 





Pratt & Whitney’s PW8000 Turbofan Engine 

(Conceptual) 



Compressor 


Engine Noise Reduction Technologies 
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Stator Vane 







Small Hot Jet Acoustic Rig (SHJAR) 



(INCE NOISE-CON 2003) 



Jet Noise Baseline Data For CFD/CAA Validation 
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Bridges & Wernet (AIAA Paper 2002-2484) 






Fan Source Diagnostics Test (SDT) 





O 

(0 

o 

Q. 

a 


< 

□ 


c 


m 

£ 


O 

'5 

(A 

3 

O 

O 


^ w 

© o 

© w 
< o 


© 

> 

<35 

c 

© 

£ 

a 

E 

o 


c 

U) 

« 


■O 

© 

o 

£ 

© 

> 

■O 


o < 

A A 


© 

c 

© 

© 

3 <5 

C © 5 
o ■= o 

5 X L 
© © 


w 

> 

© 

O) 


© w 
a > 

d) hm 

C/5 © & 

8^ © 

^ A A 


O 

CO 

A 





Fan Source Diagnostics Test Summary 

Turbulence Surveys (PIV) 
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Rotor-Alone Fan Noise 
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Fan Source Diagnostics Test - References 




Fan Tone Noise Prediction (Frequency Domain) 




Data includes a recently discovered 3 dB correction 




Computational Aeroacoustics for Fan Noise 

Prediction (Time-Domain) 
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Harmonic content of unsteady pressure (only 9 passages shown) 






Fan Broadband Noise Prediction 
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Frequency, Hz Frequency, Hz 


Fan Noise Duct Propagation 
CDUCT-LaRC Code 
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Fan Noise Reduction 
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Fan Noise Reduction 




Virginia Polytechnic Institute Herschel-Quincke (HQ) Tubes 

NASA Advanced Noise Control Fan (ANCF) 




Fan Noise Reduction 






ise Reduction - Flight Tests 






Model Scale Versus Flight Tests 

Chevron Benefit Comparison - Perceived Noise Level (PNL) 
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Brown & Bridges (NASA TM 2003-212732) 


Pratt & Whitney PW4098 Engine Test 
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Honeywell Flight Demonstration 
of Noise Reduction Concepts 






1996 Wright Brothers Lectureship in Aeronautics 

by Philip M. Condit, The Boeing Company, October 22, 1996 
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reduce community noise by 10 dB, thus making airplane noise a non- 
issue at airports. 99 




Dual-Fan Engine Concept On Blended Wing Body 



